. 1973. Inflorescence development of semidwarf and standard height wheat cultivars in different photoperiod and nitrogen treatments. Can. J. Bot. 51: 941-956. A comparative study was made of the growth and development of the shoot apex/inflorescence in two contrasting spring wheat (Triticum aestivrim L.) cultivars: Marquis-a standard height, day-lengthsensitive type; and Pitic 62-a semidwarf, Norin 10 derivative with relatively low day-length sensitivity. The effects of 8-, 12-, 16-, 20-, and 24-h photoperiods and of two nitrogen levels in 12 and 20 h on both cultivars were determined, as well as those of two phosphorus levels on Marquis in 20 h.
Introduction
1968). These cultivars have short, stiff stems The semidwarf wheat (Triticum aestivunz L.) which Prevent Or minimize lodging under high cultivars derived from the Japanese variety fertility conditions. However, semidwarfs yielded Norin have displayed very high yields in more than standard-height cultivars even when many different environments (Reitz and Salmon lodging was prevented with @yme 1969), or otherwise did not occur (Syme 1970) . lcontribution No. 337 from Ottawa Research Station. The high yield potential of semidwarf cultivars is probably not associated directly with their shorter stem length, but may be associated with factors determining a high grain number per spike (Cock 1969; Syme 1969 Syme , 1970 . Variation in grain number per spike due to cultivar or environment was closely related to differences in spikelet number (Rawson 1970) . Fisher (1973) described differences in the developmental morphology of the shoot apex and illflorescence between wheat cultivars with and without Norin 10 ancestry. The initiation of the spikelet primordia was markedly delayed in the Norin 10 derived semidwarf wheats, resulting in a long apex bearing many single ridges. Once begun, the developn~ent of spikelet primordia was more closely synchronized over much of the apex (resulting in more fertile spikelets per spike) than in the wheats without the Norin 10 ancestry. In the former cultivars a similar situation prevailed within each spikelet, too, so that more fertile florets were formed in each. Fisher suggested that the developmental pattern in the Norin 10 derived wheats was worthwhile exploiting further in the development of higher yielding cultivars.
The present investigation was initiated to obtain detailed comparative information on the developmental physiology, and on the response to eilvironment of the shoot apex/inflorescence in these contrasting cultivar types, to further the understanding of the physiological bases of differences in yield potential between them. An additional objective was to attempt to provide evidence for the control mechanisms regulating inflorescence growth and development in wheat and which hence determine the potential numbers of spikelets and grains per spike.
The rates and durations of primordium formation, apex development, and apex extensioil growth were studied in one cultivar with and in one without Norin 10 ancestry under five photoperiods and two nitrogen levels. Final grain yields and yield coinponents were measured so that varietal and environmental variation in yield and grain numbers could be related to preceding variation in apex and inflorescence development. Photoperiod and nitrogen were chosen as environmental variables because the Norin 10 derivatives developed at the International Maize and Wheat Improvement Centre (CIMMYT), Mexico, had been selected for relative insensitivity to day length and high responsiveness to fertilizers (Reitz and Salmon 1968) . Hence the two cultivars used were likely to show major differences in their morphogenetic responses to the treatments imposed.
Materials and Methods
The two cultivars of wheat used were the following: Marquis, as a representative standard-height, daylength-sensitive wheat without Norin 10 ancestry; and Pitic 62, as a representative semidwarf, day-length-insensitive Norin 10 derivative. These were grown in controlled environment rooms from germination to maturity, at a constant temperature of 20°C. The photoperiod treatments were 8, 12, 16, 20 , and 24 h light per day, consisting of 8 h high intensity light (from cool white fluorescent lamps supplemented by 50 ft-c incandescent light to give a total intensity at the top of the plants of about 2500 ft-c), followed by the required extension as low intensity light (50 ft-c) from the incandescent lamps. Relative humidity was kept at 70-80%.
Grains of both cultivars were soaked in tap water at 20°C for 6 h (on day 0) and then plated onto wet filter paper in Petri dishes for a further 18 h at 20°C in the dark. Germinated grains were then sown (day 1) in Went's medium, 10 per pot in 14-cm plastic pots placed in saucers. For purposes of sampling convenience explained below, three sowings were made over a 12-day period, so that three groups of plants of slightly differing chronological age were available. After the grain was sown, pots of each cultivar were allocated at random to the various treatments.
Both cultivars were grown at two nitrogen levels in the 12-h and 20-h photoperiods. Marquis was also grown a t two phosphorus (high N) levels in the 20-h photoperiod. Except for the low N and low P treatments, all plants received Hoagland's No. 1 nutrient solution (containing 210 ppm N and 31 ppm P). These nutrient treatments will be referred to as N2 or P2 (high N or P) versus NI or PI (low N or P). The N1 and PI solutions were modified Hoagland's solutions, containing 21 pprn N or 3.1 ppm P, with other major nutrients kept at the same level as in normal Hoagland's No. 1 by salt substitution. The pH of all solutions was held close to 5.6. Pots were surfaceirrigated twice daily, or as required, with the appropriate solution from day 2 to maturity, except that deionized water was used to flush all pots on 1 day each week.
One large controlled environment room was used for each photoperiod treatment. Within rooms, cultivars and nutrient treatments were randomized on movable carts. These carts, and pot positions on them, were moved around on a cyclic pattern every 2nd day to minimize any position effects due to small environmental variations in the rooms. The distance between the tops of the plants and the light panel was kept approximately constant (at about 70-80cm) by adjusting the heights of the cart surfaces and of the light panel as the plants grew and by compensating for differential plant heights on the same cart by inserting variable numbers of wooden blocks under individual pots.
Plants were sampled from each cultivar X treatment set between day 6 and anthesis. The frequency of sampling ranged from daily to weekly, depending on stage of development. Usually four plants were sampled, two from the first sowing group, and two from one of the later groups. Where time was limited, sample size was reduced to two plants. Samples from the first sowing provided advance indication when important developmental events were approaching for any given treatment. The later sowings were then nlore intensively sampled at these critical times, with up to 10 plants per treatment sample around the time of double-ridge formation, a t the stamen primordia stage, and just before and after the start of apical spikelet formation. Within sowing groups, pots from each cultivar X treatment set were sampled on a rotational basis, and plants were selected a t random within pots. Depending on the probable length of time to anthesis (roughly predicted from preliminary work), the number of pots available per treatment and the frequency of sampling were adjusted to keep approximate constancy (between cultivars and treatments) of plant number per pot at equivalent stages of development.
Main shoots of sampled plants were dissected under a binocular microscope. The following observations were made.
(a) Number of fully emerged leaves, a leaf was counted thus when its ligule had emerged from the preceding leaf sheath.
(6) Number of expanding leaves, including the youngest "cowl" leaf (partly sheathing although not enclosing the apex).
(c) Number of primordia on the apex. Before floral initiation these were "single-ridge" primordia; after initiation, each "double ridge" was counted as one primordium, as was each spikelet in older plants. Shoots were tagged at spike emergence, so that time to this stage was determined on a large sample of plants (35 per treatment). Plants remaining at the end of regular sampling (at anthesis) were grown on to maturity, when 30 per treatment were harvested. The following observations were made on the main shoot of each: leaf and spikelet numbers, grain number and distribution on the spike, and grain weight per spike. Spikelet fertility and mean grain weight data were derived from these records. In addition, spike numbers per plant, total grain numbers, and total grain yields per plant were determined. In the following sections, the term "primordiun~ number" refers to the total number of lateral structures (whether mature or immature) produced at the apex up to and including the apical spikelet, and is the sum of (a), (h), and (c) above. Where so stated, the sum may also include (a), to provide a measure of apical meristem activity before and after the formation of the apical spikelet. The time of formation of the latter for any treatment was counted as the mean day when the apex produced the primordium which developed into the basal glume of the apical spikelet. The period between germination and this day was the duration over nhich leaf and spikelet primordium production occurred.
Results

Primordium Formation at the Main Shoot Apex
Primordium numbers increased approximately exponentially at first and then at roughly constant linear rates (Figs. 1 and 2 ). Increasing the photoperiod accelerated the rate, but the culti- (Table l) , computed from linear regressions over the constant linear phase (7-30 days, depending on treatment). In 8 h the Pitic rate was similar to that of Marquis, but in other photoperiods it was lower. The maximum rate in Marquis was little affected by photoperiod over the 16-to 24-h range, but was greatly affected by the 8-to 12-and 12-to 16-h increases. Pitic responded over the whole range, although its total response was much less.
Rates declined before cessation of spikelet primordium production (i.e. before the beginning of apical spikelet formation) in long apices with many spikelet primordia (Pitic at N2, and Marquis in short days), whereas cessation occurred very abruptly in shorter apices with few primordia (both cultivars at N1 and Marquis at N7 in the longer photoperiods; Figs. 1 and 2). Since the two glumes and several lemmas of the apical spikelet are morphologically homologous with the foliage leaves and the incipient leaf primordia subtending the lateral spikelets, their formation is essentially part of the same sequence. If, instead of counting the apical spikelet as one unit (which in a functional sense it is), the apical glume and lemma primordia are added to the foliage leaf and lateral spikelet numbers, then time curves of this larger total show the complete formation of this homologous sequence (e.g. Fig. 2B ). All such curves, for both cultivars in all treatments (irrespective of primordium number on the apex), showed a gradual decline in formation rate, rather than an abrupt cessation.
In 12 h, low N markedly reduced the formation rate in both cultivars ( Fig. 2A) . In 20 h, low N reduced the rate in Pitic ( Fig. 2B ) but had no effect on the Marquis rate before apical spikelet formation. Similarly low P did not affect the rate up to apical spikelet formation (Fig. 2C) .
Mean durations over which formation of leaf plus spikelet primordia occurred are listed in Table 2 . Increasing the photoperiod decreased the duration. Varietal response patterns were very similar to those of formation rates, with Marquis showing a high response to the 8-to 12-h and 12-to 16-h increases only, whereas the Pitic response was considerably less overall but more evenly distributed over the whole 8-to 24-h range. Durations were much longer in Pitic, except in 8 h. Decrease in N (and in P) reduced the duration, except for Marquis in 12 h. This duration response to N was much higher in Pitic. Table 2 also shows the duration (germinationapical spikelet formation) expressed as a proportion of the time from germination to spike emergence. Clearly the cultivars differed consistently in the relative lengths of the two periods: germination to apical spikelet, and apical spikelet to spike emergence, with Pitic showing a relatively much longer period of leaf plus spikelet primordia production than Marquis in all treatments. Photoperiod evidently affected the duration of these two periods by a proportionally similar amount.
The mean developmental stage coinciding with the beginning of apical spikelet formation (Table 2 ) was derived from Figs. I , 2, 3, and 4; checked by direct plots of primordium number against stage (not illustrated here); and further checked with recordings from each apex of development stage, presence or not of the apical spikelet primordium, and number of glume plus lemma primordia of this spikelet, where present. The close agreement between the sets of values obtained indicated that at high nutrient levels apical spikelet formation began in Marquis shortly before the first appearance of stamen primordia (stage 20) . In Pitic at N2 it began at a slightly later stage, when the earliest formed stamen primordia had developed into welldefined knob-like protuberances surrounding a clearly visible ovary primordium (stage 21). Photoperiod had no effect on this relationship. Low N advanced the initiation of the apical spikelet relative to the development of lateral spikelets in both cultivars in 12 and 20 h. This effect was much more pronounced in Pitic, especially in 12 h where formation began before the first appearance of lemma primordia. Marquis in 20 h at low P showed the most precocious formation of the apical spikelet, beginning TABLE   2 Duration of leaf + spikelet pri~nordia formation at the main stem apex. This is the length of the period from germination (G) to apical spikclet formation (ASF).
T o illustrate differences between cultivars in the length of this period relative to the overall duration of development up to spike emergence (Sp Em), the duration G to Sp Em is listed, and the next column shows the duration of leaf + spikelet primordia formation as a percentage proportion of the time from G to Sp El11 shortly after the first appearance of glume pri-wheats. In the latter the transition from vegetamordia in the lateral spikelets.
tive growth (foliar dominated) to sexual development (cauline dominated) occurred rapidly, Development of the Main Shoot Apex or In-whereas in the Norin 10 derivatives it was more florescence protracted. Many single ridges were formed and Fisher (1973) indicated that it is difficult to the tissue between them expanded longitudinally compare the timing of double-ridge initiation in as in the other wheats. Spikelet primordiuin wheats derived from Norin 10 with other initiation was retarded, however, and in micro- 
scopic examinations of sectioned apices it was
In the present work, treatments were intendifficult to decide from the pattern of cell divi-sively sampled around the anticipated time of sions in the primordia exactly when an apex visible development of spikelet primordia, and could be considered to be at "double-ridge initia-stages 13-18, from spikelet swelling to lemma tion," corresponding to this easily recognizable primordia appearance, were amply recorded. stage in other wheats.
Development stage ratings increased linearly with time in all treatments from stages 13 to 18. Hence, by extrapolating the Pitic stageltime curves, it was possible to estimate the time when the upper structures of the "double ridges" were about to start their expansion as spikelet primordia. This was considered to be comparable developmentally with the time of actual initiation of double ridges in Marquis.
Varietal patterns of photoperiod response for rate of apex development were essentially similar to those of primordium formation rate, whether for the period between germination and doubleridge stage, double ridges to stamen primordia, or stamen primordia to spike emergence (Fig.  3) . In 12-24 h Pitic required more time than Marquis to reach double-ridge or stamen primordia stages and to emerge spikes, but the duration between stamen primordia and spike emergence was closely similar in both cultivars in 16, 20, and 24 h, and was much shorter in Pitic than in Marquis in 8 and 12 h.
The delayed double-ridge stage in Pitic (and in Marquis in 8 h) resulted in a greater number of spikelet primordia on the apex at this stage than in Marquis in 12-24 h. Pitic also formed more spikelet primordia than Marquis after the double-ridge stage. The subsequent growth and development of the spikelet primordia present a t the double-ridge stage, and of those formed soon after, were much more synchronous in Pitic than in Marquis in all photoperiods (including 8 h). Thus, developing spikes of Pitic bore many spikelets which appeared closely similar in size and stage of development. s he fewer spikelets borne on developing spikes of Marquis were more divergent in size and stage of development, with a marked gradation from the most advanced central spikelets towards the least advanced at the base and apex of the spike. The last few spikelet primordia formed in Pitic (at N2) developed normally until sometime after apical spikelet formation, when these uppermost 2-10 (or more) spikelets showed a decline in growth rate, followed frequently by a cessation of growth and, after anthesis, senescence and desiccation. In addition, upper rachis internodes did not elongate much. This growth reduction in the upper part of the spike was most pronounced in the shorter photoperiods. Probably, the later-formed (and hence less well- developed) spikelets were unable to compete effectively at a critical stage in their development, for nutrients or assimilates, with the comparatively large number of synchronously fastgrowing spikelets and rachis internodes lower down on the spike axis.
In Marquis in all photoperiods the spike on the main shoot invariably emerged before those of the tillers. This was not so in Pitic, where one or two tillers often preceded the main shoot by 1 to several days. The frequency of this occurrence was lower in the shorter photoperiods: of 35 plants examined per photoperiod, the numbers were 6, 11, 22, 23, and 18 in 8, 12, 16, 20 , and 24 h. Development of tillers may be more synchronous with that of the main shoot in Pitic than Marquis.
In 20 h, low N accelerated development in both cultivars (Fig. 4B) . In Marquis this effect was mainly evident in the later phase of inflorescence development, after the completion of spikelet primordia formation, and during the period of rapid growth of stem and rachis internodes. Low P accelerated development in a similar manner (Fig. 4B) . In Pitic, at low N, the double-ridge stage was advanced by 3 days, stamen primordia by 10 days, and spike emergence by 12 days. Here the accelerating effect of low N was mainly evident in the earlier phase of development. In 12 h, N level effects were rather more complex (Fig. 4A ). Low N delayed the double-ridge stage in Pitic by 10 days, but thereafter apex development was more rapid at N1. Marquis displayed a converse effect: double-ridge stage occurred at the same time in N1 and N2, after which development was slower at N1. Mean spike emergence time (Fig. 4A and Table 2 ) for Marquis in 12 11 at N1 was based on only 10 plants since a great many in this treatment showed senescence of the whole main shoot beginning at about stage 22-23. The surviving group, not being a random sample, may have provided a biased estimate of mean spike emergence time.
Growth in Length of the Apex or I/~j?orescence
Apex length was closely related to stage of developn~ent. For example, N1 and P1 Marquis inflorescences in 20 h elongated faster than those at N2 or P2 (Fig. 5B ), but at the same stages of development they were similar in mean length. Plants in short photoperiods had the longer inflorescences at equivalent stages, but the difference was comparatively small even between Marquis in 8 and 24 h, despite the great difference in elongation rates (Fig. 5A ). Nicholls and May (1963) showed that length growth in the barley inflorescence involved two sequential phases. In the first, length increase occurred mainly from addition of new primordia with little change in distance between them, while the second was due solely to extension of the rachis internodes. They suggested that their plots of log apex length against time consisted of two overlapping sigmoid curves, the overlap occurring at the transition between the two growth phases. Figure 5 displays similar overlaps, which occur around the time of apical spikelet formation.
Mean interprimordial distances were calculated in the same way as by Nicholls and May (1963) , by simply dividing apex length by the number of spikelet primordia. Means of these means were then computed for within-treatment sets of plants grouped according to development stage. Plots of log mean interprimordial distance (or log mean rachis internode lengths) against developmental stage showed that there were marked and fairly abrupt increases in log extension rates after periods of very slow increase (Fig. 6) . The initiation of this rapid extension of the rachis internodes always coincided very closely with the beginning of apical spikelet formation (Table 3) , both events occurring at or slightly before the stamen prinlordia stage in Marquis (N2), slightly later in Pitic (N,), and a t an earlier stage at low nutrient levels, especially PI.
Fitral Harvest Data Main Stern Leaf and Spikelet Nutnbers
Where development rate was accelerated by cultivar and photoperiod (i.e. Marquis and long OAfter oven drying for 18 h at 80°C. NOTE: SE = standard error.
day), primordium formation rate was also accelerated, but insufficiently to counter the effect on final numbers of the decrease in duration of formation. For example, at N2 the duration decreased by 72% in Marquis and 35% in Pitic with increase in photoperiod from 8-24 h, and final numbers of leaf plus spikelet primordia (Table 4) decreased by 47% and 14%. Varietal photoperiod responses for both leaf and spikelet numbers exemplified the patterns noted previously. Increase in N increased numbers of leaves and spikelets in all cultivar X photoperiod combinations. Increase in P had a similar effect. Response to N was much higher in Pitic. For example, in 20 h, leaf plus spikelet number increased 2376 and 83% in Marquis and Pitic between N1 and N2 (Table 4 ). The greater response in Pitic was associated with large differences between N levels in both duration and formation rate (Fig. 2B and Table 2 ), while Marquis showed no difference in rate and only a small (2-day) difference in dura-
Grain Yields and Yield Components
Grain yields per main shoot spike were highest in 12-16 h (Marquis) and 12-20 h (Pitic). Per plant yields were highest in 12 h, as spike number per plant was higher (Table 5 ). In general, grain numbers per spike ranked in similar order to spikelet numbers. However, a fairly large proportion of the differences in grain number (especially those between photoperiods) was associated with differences in grain number per spikelet. Mean grain weights were higher in Pitic than in Marquis, despite the higher grain numbers in Pitic.
At N1 (20 h) main shoot grain yield was similar in the two cultivars. With increase in N it increased less than 50% in Marquis and nearly 400% in Pitic. The Pitic response was mediated through higher spikelet number, higher fertile floret number per spikelet, and a higher mean grain weight. In contrast the Marquis response occurred mainly through an increase in spikelet tion. This example illustrates that even a corn-number. As noted previously, this spikelet numparatively sinall delay in apical spikelet formation ber increase was the result of a 2-day difference can have a relatively large effect on spikelet in the timing of apical spikelet formation benumber. In the 2 days between its formation at tween N1 and N2. N1 and N2 in Marquis, spikelet primordium production was continuing at a maximum rate Discussion at N2, resulting in about 25y0 more spikelets than
In general, cultivar, photoperiod, and nutrient at N1. treatments which increased the rate of apical development also decreased leaf, spikelet, and grain numbers, hastened the formation of the apical spikelet and the initiation of rachis internode extension, and increased the rate but decreased the durations of primordium production and apex length growth. Photoperiod response patterns for all these variables were strikingly similar within cultivars but were markedly different between cultivars. Studies by Aspinall and Paleg (1963) , Aspinall (1964, 1966) , and Aspinall (1966) on apical development in barley have indicated similar relationships. They suggested that rates of apex development and primordium formation are controlled by the same endogenous mechanism.
In barley, where no apical spikelet is produced, primordium formation ceases with the initiation of rachis internode extension (Nicholls and May 1963) . In wheat, as shown here, this initiation coincided with the beginning of apical spikelet formation in both cultivars in all photoperiod and nutrient treatments. Hence in wheat and barley, although the production of additional spikelet primordia ceases in a different way in each, the cessation coincides in both with the initiation of rachis internode extension. Stoy and Hagberg (1967) suggested that the extension of rachis internodes in barley is regulated by a balance between gibberellin (GA) and an endogenous growth inhibitor, for which role they postulated abscisin. Nicholls and May (1964) reported that the concentration of gibberellinlike substances in developing barley inflorescences was highest at the time when extension in the rachis internodes began. If a similar (presumed) regulator balance system operates in the wheat inflorescence, then it is possible that formation of the apical spikelet and the initiation of rachis internode extension are both triggered when the GA concentration reaches a peak level, or when the ratio between GA and endogenous inhibitor(s) exceeds a certain level. Alternatively, perhaps the timing of apical spikelet formation is regulated by another hormonal stimulus produced in the rachis internodes at the initiation of their extension growth.
Apices with many spikelet primordia showed a decline in the rate of primordiu~n production before apical spikelet formation (Figs. 1 and 2 ) , whereas in those with few primordia the rate declined after the formation of this spikelet had begun. This suggests that the timing of the rate decline was not connected with the timing of apical spikelet formation, and that the former depended on the severity of competition for nutrients (or growth substances) between the developing lateral spikelets and the apical meristem. Competition for a limiting supply of G A seems unlikely in view of the probable increase in concentration in the inflorescence at this time. Primordium production rates declined soon after formation of the apical spikelet even in the smaller inflorescences, but competition with the expanding rachis internodes (perhaps for protein or carbohydrate materials) would presumably be increasing at this time in addition to that imposed by the growth of lateral spikelets. Thus, for example, in Marquis in 20 h the earlier rate decline at N1 (Fig. 2B ) may have been associated through nutrient competition with the earlier initiation of rachis internode extension and the earlier development of the florets in the lateral spikelets, rather than with any direct effect of the earlier formation of the apical spikelet.
The timing of apical spikelet formation, and hence the duration of leaf plus spikelet primordia production, appeared to be closely related to developmental stage, as the relationship between the two was not affected by photoperiod and little affected by cultivar (Table 2) . Apex length growth also appeared closely related to developmental stage (e.g. Figs. 5B, 4B, and 6). These relationships, and the similarity in photoperiod response patterns in each cultivar between rates of development (Fig. 3) and of primordium formation (Table I) , suggest the possibility that the ratio between GA and inhibitor(s) in the wheat apex or whole shoot, or the rate of change of such a ratio, plays a role, directly or indirectly, in the regulation of development and of primordium formation rates. This is in addition to the proposed role of such a hormone ratio in the initiation, rate, and duration of rachis internode extension and in the timing of apical spikelet formation. Involvement of GA has been indicated in the control of flowering in long-day plants (Baldev and Lang 1965) , and endogenous gibberellin levels are known to be higher in plants under long-day conditions (Grigorieva et al. 1971) . Galston and Davies (1969) suggested that photoperiods which are favorable to flowering (and which are known to change the balance of hormones) may perhaps affect the ratio of gibberellins to abscisins and other inhibitors.
There is evidence implicating GA in the regulation of the rate of apex development and possibly of the rate of primordium formation in wheat and barley (Nicholls and May 1964; James and Lund 1965; Smith 1965; Kirby and Faris 1970; Kirby 1971 ; Petr 1972) . Kirby (1971) suggested that GA has a key role in regulating inflorescence morphogenesis in barley, and Smith (1965) suggested that GA may play an important part in the regulation of growth in the apical ~neristem of wheat. Allan et a/. (1959) showed that wheats of Norin 10 derivation did not respond to applied GA in terins of increased stem length or earlier spike emergence, whereas taller wheats not derived from Norin 10 did respond in this way. Radley (1970) presented evidence that Norin 10 derivatives (including Pitic) have a block to the utilization of GA, resulting in its accumulation in these plants. They had higher endogenous gibberellin-like activity than other (tall) cultivars, and did not respond to applied GA, whereas the tall cultivars did.
In view of Radley's findings, a more probable model (for the regulation of rates of development and of the activity of apical and lateral meristems in the wheat shoot apex and inflorescence) involves the relative rates of utilization of GA and inhibitor(s) rather than their relative levels. As endogenous GA supply does not appear limiting in the Norin 10 derivatives then, according to the suggested model, treatments which accelerate development in these cultivars could be reducing the block to GA utilization or accelerating some subsequent developmental process. Zeevaart (1971) provided evidence that in spinach there was not only a more rapid GA turnover, but also an increased sensitivity to gibberellin in long photoperiods.
The probable low GA utilization rate (but high GA concentration) in Pitic and other Norin 10 derivatives could then account for certain of the differences in apex development between these cultivars and wheats without Norin 10 ancestry such as Marquis. The marked delay in the initiation and expansion of spikelet primordia found here in Pitic, and by Fisher (1973) in all the Norin 10 derivatives which he examined, could be related to the low level of GA utilization. The similar behavior of Marquis in 8 h could be attributed to a limiting supply of GA rather than limiting utilization. Nicholls and May (1964) found that barley apices in 24 h had higher concentrations of GA-like substances at the doubleridge stage than 8-h apices at the same stage. They suggested that the supply of GA limits the growth of the inflorescence at this stage. Nonvernalized winter barley plants treated with gibberellin showed much earlier double-ridge formation than untreated plants, and accelerated apical development until after stamen initiation (James and Lund 1965) . The comparatively rapid rates of development in Pitic after the termination of spikelet primordia production (Table 2 and Fig.  3 ) might be expected, according to the suggested model, if the block to GA utilization became less limiting at the time of initiation of rachis internode extension. If this time is indeed determined by an increase in the ratio of the rates of utilization of GA and inhibitor(s) above a threshold level, then in the Norin 10 derivatives there is presumably some increase in GA utilization rate at this time, or else a decrease in inhibitor, or some shift in sensitivity to the rate of GA utilization.
The much more synchronous development of spikelets in the Norin 10 derivatives (Fisher (1973) and here in Pitic in all treatments) could also result from the difference in GA metabolism. If these cultivars have much higher endogenous GA contents than cultivars such as Marquis, then GA gradients in the apex would be much less pronounced, assuming that GA utilization involves its breakdown at or near the apical aud lateral meristems. Thus if all spikelets have an ample supply of GA, their growth and development inight be regulated, directly or indirectly, by a limiting rate of GA utilization in the spikelet meristems. All those on the apex at double-ridge initiation would then develop more or less concurrently if all were subject to the same limiting utilization rate. A similar hypothesis could account for the more synchronous development of florets within spikelets in the Norin 10 derivatives (Fisher 1973) , and of tillers with the main shoot reported here in Pitic.
Conclusions
The results presented here (together with those of Fisher 1973) support the conclusions of Syme (1969 Syme ( , 1970 and Cock (1969) that the high yield potential of the semidwarf wheats is not directly associated with their shorter stem length, but with factors which allow the formation of a high grain number per spike. The evidence of Radley (1970) that the Norin 10 derivatives have a block or partial block limiting G A utilization (although they have apparently more endogenous GA than other wheats), would explain the reduction in stem length in these cultivars. In addition, as discussed here, this difference in G A levels and metabolism might also account for the different pattern of apex/inflorescence developillent in the Norin 10 derivatives. If this hypothesis is correct, then in the incor~oration of the Norin 10 mechanism of stem shortening in the subsequent semidwarf cultivars, the breeders simultaneously incorporated a developmental pattern which resulted (other factors being equal) in a high potential grain number per spike. The realization of this potential (as higher final yields per shoot) was rendered more probable under high fertility, disease-free conditions by the greater lodging resistance of the shortened stems.
The Norin 10 derivatives (versus other wheats) should provide useful material for future inves-I tigations of the control mechanisms which regulate growth and development in the wheat
inflorescence. In addition it may be worthwhile to study the relationship between seedling growth responses to applied GA and agronomic performance, using segregating populations. This inight indicate the feasibility of using simple, rapid G A response tests to screen out potentially useful seedlings in breeding where the Norin 10 developnlent pattern is required, combined with characteristics from other wheats.
